Introduction 33
Apple (Malus × domestica Borkh) is the second most important tree fruit crop of the 34 Rosaceae family in terms of production in Spain, after peach (FAOSTAT, 2012) . The 35
Ebro basin (Northeastern Spain) is the greatest production area in Spain with 64 % of 36 the total apple production (MAGRAMA, 2013) . However, for the last three decades, 37 apple production in Spain has decreased around 50%, from 1.037.000 t and 59.300 ha in 38 1985 to 481.516 t and 30.792 ha in 2012 (MAGRAMA, 2013) . The altitude (around 300 39 m or less), the particular climatic conditions from the centre of the Ebro Valley (high 40 temperatures and low humidity during summer, and low annual precipitation) and yet 41 the unknown climate change effects could help to obtain poor fruit quality (low 42 firmness, less blush and high sunburn incidence), so they do not boast a good apple 43 production in this area. Obtaining suitable color is a problem in areas with hot summers 44 and conditions that are not appropriate for fruit color development, as is the case in 45 most southern European countries (Iglesias and Echeverría, 2009 ). Also, previous 46 studies have reported changes in plant phenology and changes in taste and textural apple 47 attributes in response to recent climate warming (Fujisawa and Kobayashi, 2010; 48 Sugiura et al., 2013) . 49
Current market demands have led Spanish growers to base their apple production on 50 non-native cultivars, mainly from Golden, Gala, Red Delicious, Fuji, Reinette and 51
Granny Smith groups (Casals and Iglesias, 2013) , to the detriment of the locally well-52 adapted apple cultivars. The replacement of local by commercial apple cultivars in the 53 last decades has led to a dramatic loss of genetic diversity in terms of adaptability, 54 tolerance to diseases and fruit quality in Spain, as in other countries. Therefore, the 55 recognition of the need for the collection and preservation of endangered fruit 56 germplasm has encouraged the establishment of genetic resources conservation 57 programs in Spain (Urrestarazu et al., 2012; Font i Forcada et al., 2014) . Keulemans 58 (1993) pointed out the interest in local cultivars for their contribution to variability and 59 better ecological adaptability. Germplasm repositories show the development and 60 improvement of apple and contain a vast reservoir of desirable genes (Janick et al. 61 FH, FD, LS, TS, WS, DS, WE and DE were measured to an accuracy of 0.1 mm, using 162 a digital calliper (Mitutoyo, Japan). Fruit shape was calculated based on FH/FD ratio. 163
Fruit weight (FW) was determined using a digital scale (Acculab, . Percentage 164 of over color (OC) was visually evaluated. Color determinations were measured on the 165 two opposite sides of the fruits (shaded and blushed). Values of L* (brightness or 166 lightness), a* (-a* = greenness, +a* = redness), b* (-b* = blueness, +b* = yellowness), 167 C* (chroma) and h* (lightness's angle) were measured using a colorimeter (Chroma 168 Meter, CR-400 Konica Minolta, Japan). FF was measured using a penetrometer (Model 169 FT-327) on two opposite sides of each fruit after removing 1 mm thick disk of skin, 170 with a 11 mm plunger tip. The two readings were averaged for each fruit and data were 171 expressed in Newtons (N). SSC and TA were determined on flesh juice extracted by an 172 automatic juicer (Philips, HR185890). SSC of fruit juice was measured with a digital 173 refractometer (Atago PR-101, Tokyo, Japan) and was expressed as ºBrix. TA was 174 determined manually titrating 5 mL of juice with 0.1 N NaOH to a pH end point of 8.2, 175 with 1% phenolphthalein as an indicator. Results were expressed as g malic acid per 176 liter. Ripening index (RI) was calculated based on the SSC/TA ratio. 177
Qualitative traits such as hue of over color, pattern of over color and flesh color were 178 assigned according to UPOV (2005) classification. Hue of over color was: orange red, 179
Taking into account the variables used in the PCA analysis, a hierarchical 290 agglomerative cluster analysis was used to divide the available data up into groups of 291 increasing dissimilarity. The Ward's minimum variance criterion was applied. The 292 dendogram ( Fig. 1) pointed out that, all 80 accessions were different from each other, 293 and six clusters are identified at high level of similarity (ESS lower than 6). This 294 division did not correspond to apple accessions grouped according to origin, fruit type, 295 type of stipules and ploidy level. In each cluster, origin, fruit type, and type of stipules 296 was quite diverse. The first group, which includes 'Pera de Sangüesa' through 297 'Boluaga' (Fig. 1) , is characterized by accessions with low or none over color, medium-298 to-high SSC and b* (both shaded and blushed fruit sides) values, and medium-to-long 299 DS. The 5 bicolor accessions ('Almenar-2', 'Boluaga', Bossost-5', 'Les-2', and 'Verde 300 Doncella') included in this cluster had all of them OC values lower than 30%. The 301 accessions included in cluster 2, 'Marquinez' through 'Audiena de Oroz', FD, FW, WE, DE, DS and WS values (Fig. 1) . Their origin was 303 quite diverse and most of them were bicolor. The third cluster, 'Les-1' through 'Sandía' 304 ( Fig. 1 ), included also accessions from different regions. Most of these accessions were 305 bicolor, had TA values over 10 g malic acid L -1 , except 'Les-1' and 'Sant Joan', and had 306 fruits with medium-to-long LS. The fourth cluster grouped 10 accessions, 'Reneta' 307 through 'Terrera' (Fig. 1) . These accessions have different origins (Alicante, Asturias, 308 Baleares, Cantabria, Gerona, Huesca, La Rioja and Lérida). They showed a late period 309 of flowering and ripening, high OC and a* (blushed side), and low L* and b* values 310 from both fruit sides. The fifth cluster grouped only 6 accessions, 'Camosa' through 311 'Eugenia' (Fig. 1) . It consisted of late flowering accessions with high L* (shaded side) 312
and LS values. Except 'Camuesa del Llobregat', which had green skin color, the rest of 313 the accessions were bicolor type. The final group clustered away from the other groups, 314
and contains a large number of cultivars, from 'Mañaga' to 'Esperiega'. It consisted 315 mainly of late flowering and harvested accessions with high FF, and L* and b* values 316 from both fruit sides (Fig. 1) . 317
Comparisons of the clusters obtained by agronomic, morphological and fruit quality 318 traits, suggest possible synonymies in the Germplasm Bank. For example, in cluster 1 319 both accessions named 'White Reinette of Canada' (308 AD and 3194 AD), in cluster 3 320 'Transparente' and 'Transparente Blanca', and 'Ascara 1' and 'Ascara 2', as well as 321 accessions named 'Ortell' (413 AD and 3546 AD) in cluster 6, among others. 322
Discussion 323
Significant phenotypic diversity has been detected in the apple germplasm grown at the 324 Experimental Station de Aula Dei (CSIC), but surveyed and collected in different 325 regions of Spain, where apple has been grown for centuries. Under our growing 326 conditions, most accessions (75%) concentrated their flowering between 7-20 April, and 327 approximately 60% of the accessions evaluated were harvested between September and 328
October. As expected, blooming and ripening time were low significantly correlated. In 329 agreement with Mounzer et al. (2008) , blooming and harvesting times may change 330 between years, depending on the environmental conditions, especially temperature, 331 making them particularly vulnerable to climate change. However, Tancred et al. (1995) 332 determined that the heritability of ripening dates in Malus x domestica is high. In 333 particular, earliness is a polygenic trait with high hereditability and also additive genetic 334 variance (Brown, 1960) , and it is a target in various breeding programs (Tancred et al., 335 1995) . In our germplasm collection, a total of 40% accessions were harvested earlier 336 (before September). These could provide a local alternative to early-harvested cultivars, 337 if further agronomic evaluation confirms their good eating quality (Ramos-Cabrer et al., 338 2007) . 339
The values of FH, FD and FW varied among accessions. In this study, as reported by 340 Ramos-Cabrer et al. (2007) , FD was highly correlated with FW. Indeed, fruit size (FD 341 and FW) is used to classify apples for fresh-market. In fact, commercial categories for 342 apple fruit marketing are primarily based upon fruit diameter or fruit weight (RCE no. 343 1619/201). Some accessions, e.g. 'Audiena de Oroz' and the triploide 'Urarte' have 344 grown fairly large fruits (around 88 mm) with high weights (more than 260 g), while 345 'Eugenia', 'Poma de San Juan', Reneta', and 'Roja Valle Benejama' had FW lower than 346 100 g with FD around 65 mm or less. The average fruit weight of cultivars with fruit 347 diameter greater than 70 mm was approx. 182 g. This could be explained by the fact that 348 the size of the fruit was probably one of the first parameters to be considered in the 349 traditional farmers' selection process. Oraguzie et al. (2001) estimated narrow-sense 350 heritability for fruit weight (0.27-0.90). In addition, the major factors determining 351 ultimate size are the cultivar, genotype and crop load. Exposure to light also plays an 352 important part in determining final size (Dennis, 2003) . In this study, accessions were 353 grown under the same environmental conditions and cultural practices, so it could be 354 concluded that accessions with high FW had good genetic potential for this character. 355
Fruit shape (FH/FD ratio) greatly varied among the studied accessions. It depends on 356 stage of fruit development (Dennis, 2003) and on weather conditions (Jackson, 2003) . It 357 ranges from very small to very large (UPOV, 2005) , and it is known to be quantitatively 358 inherited (Brown 1960) . At commercial maturity, around 9% of the total accessions 359 evaluated showed a FH/FD ratio above 1, and they could be classified as elongated 360 accessions, and around 8% showed a FH/FD ratio lower than 0.75, and they could be 361 classified as flat. Therefore, most accessions evaluated in this study had a ratio 362 considered to be medium to long. 363
Biometric features of stalk, stalk cavity and eye basin greatly varied among accessions, 364 and values of LS, TS, WS and DS were within the range reported by other apple 365 accessions studies (Santesteban et al., 2009; Gasi et al., 2011) . The skin color of fruit is 366 a very important quality attribute, together with FF, SSC and TA. Color has a 367 significant impact on consumer perception of fruit quality, especially as regard the 368 attractiveness of fruit (Ruiz and Egea, 2008) , and it is also an important trait to classify 369 apples for the fresh market. Pre-harvest and immediately post-harvest red color 370 development are controlled by genotype, carbohydrate supply, direct effects of light on 371 anthocyanin formation, temperature and nutritional factors (Jackson, 2003) . In this 372 study, 62% of the accessions evaluated were bicolor, showing few accessions more than 373 50% of over color, as 'Aciprés', 'Cabdellá-2', 'Roja del Valle de Benejama', 'Prau Riu 374 3', 'Reneta', 'Nesple' and 'San Miguel'. However, these accessions usually were grown 375 in areas with more altitude and latitude than the Ebro basin area, where differences 376 between diurnal and nocturnal temperatures are higher. Consequently, they could have 377 higher percentage of over color. Indeed, Jackson (2003) reported that a series of a few 378 nights with temperatures in the range 2-5 ºC followed by warm sunny days promotes 379 red color development. 380
Fruit firmness (FF) is strongly influenced by maturity with FF decreasing as the fruit 381 ripens (Kingston, 1991) . The accessions were harvested at commercial maturity, 382 showing a range of 47.5-112.4 N for flesh firmness (FF). This trait is relevant for the 383 assessment of the quality of the fruit, affecting fruit shelf life, and for consumer 384 acceptance. Harker et al. (2008) reported greater acceptability with higher firmness until 385 a threshold value of 62 N, after which acceptance levelled off. An apple consumption 386 study by Konopacka et al. (2010) and maximum values, but they were within the values reported by Ramos-Cabrer et al. 398 (2007) and Mratinić and Akšić (2012) . To optimize consumer satisfaction, Echeverría et 399 al. (2002) recommended SSC values between 13.5 and 15.5 ºBrix. In this study, 10% of 400 the total accessions showed SSC values higher than 15.5 ºBrix (e.g. 'Pera 2', 'Eugenia', 401 'White Reinette of Canada', 'Pero Pardo', 'Reineta Regil', 'Cirio' and 'Terrera'), 30% 402 between 13.5º and 15.5 º Brix, and 60% lower than 13. . In this study, only 25% of the total accessions evaluated 407 had TA lower than that value. Some of them could be recommendable for fresh market 408 because they are firm, sweet and have medium to low acidity, such as 'Del Ciri', 'Cul 409 de Cirio', 'San Miguel', 'Cella', 'Almenar-2' and 'Ruixou-1'. On the contrary, most of 410 the accessions from this study could be useful for cider production (Ramos-Cabrer et 411 al., 2007) . 412
Concerning the influence of climate, pomological and genetic traits on agronomic, 413 morphological and fruit quality traits, different results were obtained. In general, the 414 highest FD and FW values were observed for accessions with continental climate 415 influence, cream and white flesh, foliaceous stipules, and triploids. Ramos-Cabrer et al. 416 (2007) also reported that triploid accessions produced heavier fruits than diploids. The 417 significant positive correlation between FD and FW agrees with previous reports in 418 apple (Janick et al., 1996; Gasi et al., 2010; Ramos-Cabrer et al., 2007) , as well as in 419 cherry studies (Petrucelli et al., 2013 reported that higher average of red fruit color surface and low hue angle were associated 434 with high anthocyanin content in 'Fuji' strains (Veberic et al., 2007) and 'Gala' strains 435 (Sturm et al., 2003; Iglesias and Echeverría, 2009) . Although apples tend to show lower 436 anthocyanin content than other fruits, the variability observed in this germplasm 437 collection could be useful to improve attractiveness and antioxidants content in new 438 apple cultivars. Indeed, the consumption of high levels of antioxidants is promoted as 439 being beneficial to one's long-term health by reducing general oxidative stress. 440
Multivariate analysis has been used to study different germplasm collections of Prunus 441 spp. (Pérez et al., 1993; Font i Forcada et al., 2014) and Malus × domestica (Gasi et al., 442 2011; Pereira-Lorenzo et al., 2003) . In this study, PCA analysis showed that all 443 variables studied had high scores in the first eight principal components. As a whole, eight groups of synonymies have been found which represents 21% of the 487 total accessions studied. All these synonymies named differently had equal genetic and 488 phenotypic profile based on the variables evaluated on cluster analysis. However, as 489 mentioned above, mutations could not be detected with SSR. This is the case, for 490 example, of 'Astrakan Roja' and 'Landetxo'. They share the same allelic profile but 491 they show phenotypic differences, such as pattern of over color and fruit ribbing (Fig.  492 2). On the other hand, duplication within a collection must be avoided due to the high 493 maintenance cost of field collections (Hokanson et al., 1998) Egger, S., Codarin, S., Hilaire, C., Hofller, I., Guerra, W., Liverani, A., Donati, F., 606 Sansavini, S., Martinelli, A., Petiot, C., Carbo, J., Echeverría, G., Iglesias, I., Bonany, 607 Online Resource 2 Mean values of full bloom (FB) and harvest date (HD) for each accession and year of study. Acipres  3339 AD  108  105  104  100  107  109  280  282  283  288  288  282  288  Almenar-2  3555 AD  98  98  112  100  103  112  281  264  250  248  Ascara 1  3423 AD  105  106  98  99  103  114  247  225  233  250  232  236  235  Ascara 2  3424 AD  104  106  103  99  103  114  241  233  234  246  232  236  235  Astrakán roja  3378 AD  126  92  83  91  94  100  182  189  195  179  172  174  180 -1  3548 AD  98  98  115  97  103  112  98  98  115  97  103  112  Nesple  3410 AD  102  98  96  95  103  106  102  98  96  95  103  106  Normanda  3252 AD  92  96  105  95  101  107  92  96  105  95  101  107  Ortell  413 AD  92  91  93  96  96  101  103  92  91  93  96  96  101  103  Ortell  3546 AD  98  96  105  94  100  102  98  96  105  94  100  102  Pera 2  3417 AD  110  111  98  98  107  113  110  111  98  98  107 110  116  110  118  104  107  124  110  116  110  118  104  107  124  Sandía  3336 AD  109  108  107  98  111  114  109  108  107  98  111  114  Sant Joan  3409 AD  98  96  86  91  100  103  98  96  86  91  100  103  Santa Margarida  3401 AD  102  98  90  95  101  105  102  98  90  95  101  105  Signatillis  3403 AD  106  99  98  96  96  108  106  99  98  96  96  108  Solafuente  3559 AD  93  93  105  94  100  106  93  93  105  94  100  106  Taüll-1  3623 AD  106  98  110  97  105  114  106  98  110  97  105  114  Tempera  3334 AD  110  104  103  99  107  110  110  104  103  99  107  110  Terrera  3469 AD  99  93  93  93  96  100  99  93  93  93  96  100  Toxta  3471 AD  104  113  106  96  103  112  104  113  106  96  103  112  Transparente  3377 AD  98  92  83  91  93  100  98  92  83  91  93  100  Transparente Blanca  3344 AD  100  93  86  95  98  103  100  93  86  95  98  103  Urarte  3415 AD  100  93  90  93  103  104  100  93  90  93  103  104  Urtebete  3345 AD  113  113  110  100  109  114  113  113  110  100  109  114  Valsaina  3558 AD  97  96  110  97  111  106  97  96  110  97  111  106  Verde Doncella  310 AD  100  98  90  110  95  101  106  100  98  90  110  95  101  106  Vinçada Tardia  3621 AD  96  98  105  96  103  108  96  98  105  96  103  108 From 2004 to 2007, no data for FB are available.
Online Resource 3 Apple accessions maintained at the Experimental Station of Aula Dei (CSIC-Zaragoza. Spain). Collection information includes name and bank number and mean values of each trait evaluated in this study. 
